In bariatric practice, a preoperative weight loss of at least 5% is recommended. However, the hypocaloric diets prescribed vary and no consensus exists. This study examined the efficacy of preoperative diets in achieving 5% weight loss. From a systematic literature search, eight randomised controlled trials (n = 862) were identified. Half of the trials used a Bvery-low-calorie dietŵ hilst the rest employed a Blow-calorie diet^. Only five diets achieved ≥ 5% weight loss over varying durations and energy intakes. By inference, compliance with a 700-1050 kcal (2929-4393 kJ) diet, consisting of moderate carbohydrate, high protein and low/moderate fat, for 3 weeks is likely to achieve 5% weight loss. A low-carbohydrate diet (< 20 g/day) may achieve this target within a shorter duration. Additional research is required to validate these conclusions.
Introduction
Obesity is a major global health issue both in terms of its increasing trajectory and as one of the leading causes of morbidity and mortality [1] [2] [3] [4] [5] . Presently, bariatric surgery is accepted as the most effective treatment for the management of morbid obesity [6] [7] [8] . It is also termed Bmetabolic surgeryŝ ince the weight loss mechanisms extend beyond food restriction and nutrient malabsorption by altering physiological and metabolic processes to induce larger amounts of sustainable weight loss [9, 10] .
However, bariatric surgery is not entirely risk-free and carries potential complications ranging from 5 to 20% [11] . Consequently, bariatric guidelines [12] [13] [14] [15] support an intentional preoperative weight loss to reduce the liver volume [13, 14] and risk of perioperative complications [12, 13, 15] . It is particularly challenging for surgeons to elevate the left lobe of a large or fatty liver [16, 17] , especially during laparoscopic Roux-en-y gastric bypass surgery (RYGB), thereby increasing the risk of liver injury and intraoperative bleeding [18] . Furthermore, an enlarged liver contributes to an estimated 50% of minimally invasive laparoscopic RYGB procedures transitioning to an open procedure [19, 20] making the surgery more invasive and increasing the risk of wound infections, length of hospital stay and recovery time [13] . Nevertheless, with advances in technique and technology, when bariatric surgeons encounter a large liver, they may choose to either postpone the surgery or execute a simpler procedure of second choice such as the sleeve gastrectomy.
A total weight loss (%TWL) of at least 5% [21] [22] [23] has been shown to achieve the general liver volume reduction target of approximately 10% [18, 24] . Furthermore, losing at least 5%TWL has also been recommended for the treatment of non-alcoholic fatty liver disease [25] . This is compatible with the general consensus that, regardless of a scheduled bariatric surgery, a modest weight loss, defined as 5-10 %TWL, has benefits on existing comorbidities [25, 26] such as ameliorating hyperglycaemia or cardiovascular risk factors which are associated with increased perioperative risks [27, 28] .
The most recent bariatric guidelines [14, 15] and literature [24, [29] [30] [31] [32] [33] are in favour of energy-restricted diets to achieve rapid preoperative weight reduction. However, there is significant heterogeneity in the type of energy-restricted dietary regimes being prescribed [34] . For example, an observational study involving one third of the bariatric centres in the UK found extensive variability in the type of energy-restricted diets prescribed preoperatively [35] .
Given this lack of consensus amongst bariatric professions, there is a need to systematically review the highest level of evidence to determine the magnitude, macronutrient composition and duration of energy-restricted diets that may optimally achieve a preoperative weight loss of at least 5%.
Methods
The Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) checklist [36] was used as a basis for this review.
Eligibility Criteria
The PICO (population, intervention, comparator, outcomes) formula [37, 38] was adopted to develop the clinical question and eligibility criteria as follows:
Information Sources
Literature specific to the review question was identified by searching the following electronic databases from 2013 to June 2017: PubMed, CINAHL, Cochrane Library, Web of Science and Science Direct.
In addition to performing citation searches on key articles, hand searching the bibliographies of relevant retrieved articles and contacting authors for missing details, the search was supplemented with the following alternative sources: ClinicalTrials (http:// clinicaltrials.gov), Clinical UK trials (https://www.ukctg.nihr.ac. uk/), PROSPERO (https://www.crd.york.ac.uk/PROSPERO/) and National Institute for Health and Care Excellence's evidence search website (https://www.evidence.nhs.uk/).
Search Strategy
The search strategy incorporated truncation and speech marks for phrases to capture variation in terminology, where possible. Boolean logic operators were utilised for the electronic search engines. 
Data Management
The literature search results were uploaded to EndNote [39] to facilitate the management of identified records and allow easy identification of duplicate studies.
Selection Process
In the first stage of study selection, one reviewer independently screened the titles and abstracts as per predetermined eligibility criteria. In the second stage, full articles were retrieved if adequate information was unavailable from the abstracts. Any uncertainties were clarified and discussed with the supervisor in-charge (OF) of this review.
Data Collection Process and Data Items
One reviewer extracted data independently from eligible articles using a standardised template as per Centre for Reviews and Dissemination Guidelines (CRDG) [40] .
Assessing Bias and Quality of Selected Studies
The methodological quality of the trials was appraised using the Downs and Blacks Checklist [41] . Any lack of clarity was discussed with OF. For the purpose of clarity, the last question on power was modified to two options whereby one point was assigned if the trial had conducted a power calculation and zero points if not. Therefore, this simplified version has a maximum score of 28. Additionally, scores less than 14 were graded Bpoor^, 14 to 18 as Bfair^, 19-23 as Bgood^and 24-28 as Bexcellent^quality. This method has been adopted by a previous study [42] .
Data Synthesis
Relevant details are presented as a systematic narrative synthesis in the following order to highlight key findings: trials characteristics, details of energy-restricted diets, weight loss and secondary outcomes. A meta-analysis could not be conducted due to the heterogeneity of the data.
Confidence in Cumulative Estimate
The strength of the evidence was determined using the CRDG's hierarchy of evidence level [40] .
Results

Selected RCTs
The literature search results are summarised in Fig. 1 .
Characteristics of Identified RCTs
The eight trials (total n = 862 participants) consisted of, on average, 80% females with age and BMI ranging from 36 to 47 years and 37.4 to 59.0 kg/m 2 respectively. Two of the selected RCTs were abstracts presented at conferences [43, 44] and one was a brief report [45] . Five of the trials were conducted in Europe [43] [44] [45] [46] [47] , two in North America [48, 49] and one in South America [50] . Five trials reported attrition rates ranging from 6.7 to 27%. The study settings included hospitals [43] [44] [45] , specialised clinics [47] [48] [49] [50] and a university [46] . The characteristics of the RCTs are summarised in Table 1 .
Diet Interventions
Fifty percent of the RCTs used very-low-calorie diets (VLCD) consisting of 647 to 800 kcal (2707-3347 kJ) per day [44, 45, 47, 50] (Table 2 ) and the other half adopted low-calorie diets (LCD) with energy content ranging from 1030 to 1600 kcal (4310-6694 kJ) per day [43, 46, 48, 49] (Table 3 ). The diet duration ranged from 10 days to 6 months with 2 weeks being the most common duration (N = 6 diets) [43, 45, 50] .
The majority of the RCTs compared groups that were both energy restricted and 16 distinct types of diets were identified (Tables 2 and 3 ). It is unclear whether energy intake was restricted for the control group in one of the trials [44] .
Only one RCT used an energy-restricted diet based solely on liquid food products [50] . Three trials did not indicate the diet consistency [43] [44] [45] and the rest used a diet which incorporated both liquid and solid food products.
Weight Loss Outcomes
As outlined in Table 4 , five diets achieved at least 5%TWL [44, 46, 48, 49 ] and 11 did not achieve this target (Table 4) . Two VLCD diets just failed to achieve the 5% weight loss target (4.8%) [47] .
Secondary Outcomes
There is a high degree of heterogeneity in the secondary outcomes described and corresponding measurement methods as well as reporting units (Table 5) .
Two RCTs reported reductions in liver size after 3-5%TWL [43, 44] . Only one trial reported significant visceral fat changes after 3.5%TWL [50] . The same trial found an inverse relationship between surgery time and visceral fat in the liquid VLCD group (P = 0.0014). Another trial observed that the duration of surgery for the group following a VLCD diet was 10 min shorter than the control group that was on a Bnormal^diet (P = 0.16) [44] .
Four RCTs observed improvements in biochemical risk factors following energy-restriction and varying degrees of success in weight loss [45, 46, 49, 50] . One trial reported a positive shift in clinical risk factors which included a decrease in blood pressure after a LCD for 7 weeks [46] . There was no significant difference between groups for perioperative complications [44, 47, 50] .
Discussion
A striking feature about the literature in this area is an increase in the number of publications of RCTs since 2014, probably due to the growing recognition that preoperative weight loss may optimise some perioperative outcomes [30, 32, 33, 51] .
The %TWL was not reported by three RCTs [43, 44, 49] and the values were estimated via inference from reported data (Table 4) . Overall, the five diets [44, 46, 48, 49] that successfully achieved at least 5%TWL exhibited considerable heterogeneity in terms of energy intake and duration.
Regarding energy intake, the four VLCD trials [35, 44, 47, 50] prescribed 647-800 kcal (2707-3347 kJ) which is in line with the accepted definition of a diet providing less than 800 kcal per day (3347 kJ) [8, 52, 53] . The remaining four LCD trials [43, 46, 48, 49] prescribed 1030-1600 kcal (4310-6694 kJ) as per its standard definition of a diet restricted to 1200-1600 kcal per day (5021-6694 kJ) [54] . However, compliance with the prescribed intake of energy is debatable for the majority of the trials. Three did not report a method for assessing compliance with the prescribed diet [44, 48, 49] and four relied on self-reported methods [35, 43, 46, 47] which are notoriously prone to under-reporting of Bsocially undesiredf ood and beverages by obese individuals [55, 56] . In order to overcome this, future trials should attempt to supplement the self-reported measures with weight loss biomarkers [57] or conduct the dietary intervention in a controlled environment with convert supervision. This may also provide insight into the acceptability and willingness of patients to adhere to energy-restricted diets.
In terms of diet duration, all the diets of a 2-week duration [35, 43, 50] and some diets of a longer duration of 12-24 weeks [48, 49] failed to achieve 5%TWL. Interestingly, other diets with the same duration of 12-24 weeks [48, 49] successfully achieved 5%TWL. However, the weight loss achieved by the longer-term diets was comparable to the short duration diets of 4-11 weeks Fig. 1 The preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram for study inclusion [44, 46] . This could be attributed to the well-recognised and expected slowing down of weight loss after an active weight reduction phase [8] . Hence, it is realistic to assume that 5%TWL can be achieved in a shorter duration. In fact, two diets [47] achieved 4.8%TWL in less than 2 weeks. These were the only diets that prescribed a very low-carbohydrate, high-protein and low/moderate-fat diet that is defined as providing less than 20 g of carbohydrate per day [58, 59] and at least 20% of protein [60] and less than 35% of fat [61] (low fat) from total energy intake. The very low carbohydrate diet could have encouraged mild ketosis and suppressed hunger levels which aided the rapid weight loss observed [53, 62] . However, apart from the fact that a lowcarbohydrate diet is a topic of controversy [63] , it is not ideal for a patient to be in a catabolic state during surgery as it may increase the risk of poor recovery postoperatively and even morbidity [18, 33, 64] . Nevertheless, the catabolic extent of a short-term, low-carbohydrate VLCD diet is unclear and requires further robust research as it may be an option to achieve a larger preoperative weight loss within a shorter span of time.
Six diets did not report the macronutrient composition [44, 48, 49] and the remaining interventions (n = 8) [35, 43, [45] [46] [47] prescribed a moderate-carbohydrate (> 20 g of carbohydrate per day but < 50% of total energy intake from carbohydrates) [65] , high-protein (> 20% of energy from protein) [60] and low/moderate-fat diet (< 35% of energy from dietary fat) [61] . By inference, these diet prescriptions resulted in longer duration of at least 3 weeks to achieve 5%TWL (Table 4) . Therefore, this finding suggests that the macronutrient mix of the diet plays a role in determining the duration taken to achieve 5%TWL.
This review is unable to determine whether an energyrestricted diet consisting of liquid foods is more superior in promoting weight loss as only one diet explored this and failed to achieve 5%TWL at 2 weeks [37] . Nevertheless, despite not achieving the target weight loss, the trial demonstrated that the liquid VLCD group achieved significantly more reduction in visceral fat thickness (20.6%) compared to the VLCD group that incorporated both solid and liquid foods (0.28%). This is encouraging as it may minimise the risk of converting a laparoscopic procedure to an open bariatric surgery since the reduction in visceral adiposity allows more space for pneumoperitoneum, which is a practice required during laparoscopic surgery [23] . Further research is merited to confirm, or otherwise, whether energy-restricted diets incorporating liquid food products induce greater visceral fat loss and improve subsequent surgery duration or complication rates.
Similarly, two trials observed that just 2-3.5%TWL optimises blood glucose levels and lipid profile [49, 50] that could consecutively minimise perioperative risks [27, 28] . Another trial demonstrated that less than 5%TWL results in liver shrinkage [43] that reduces the risk associated with the laparoscopic procedure [16] [17] [18] . Hence, it may be worthwhile to encourage preoperative weight loss in obese individuals regardless of the degree of weight loss achieved.
Quality of Evidence
RCTs are considered to be the highest evidence level according to the CRDG's hierarchy of evidence level [40] . However, the majority of studies were assessed as weak methodological quality ( Table 1 ). The abstracts used in this review represent grey literature and were included to minimise location bias [66] but inevitably they were limited in detail. Although the authors were contacted [43, 44] , no further information was available.
The results from this review are mainly applicable to Western adult females who are in the obesity class three category and motivated to lose weight. Caution should be used when translating these results to other populations such as Asians who have a different body composition [67] . It is also uncertain how generalizable these findings are to adults older than 60 years old.
Precautions should be taken in individuals with disease status that may be affected by energy restriction-for instance, porphyria, renal and/or liver failure, diabetes being treated with sulphonylureas [68] . This is important information for bariatric guidelines to consider including in future publications.
Quality of the Systematic Review
The limitations associated with this review are acknowledged. Firstly, the findings should be interpreted with caution as it is based on a relatively small number of Bpoor^to Bfair^quality RCTs. The reviewer was not blinded to the literature sources and authors of the trials and there is also language bias as studies with negative outcomes tend to being published mostly in nonEnglish journals [36] . It was also beyond the scope of this research to thoroughly examine the safety and impact of preoperative weight loss on nutritional status prior to bariatric surgery.
Notwithstanding the above limitations, this is the first systematic review that exclusively examined RCTs that investigated the effects of energy-restricted diets on preoperative weight loss. Its validation was strengthened by using the PRISMA for protocol guidance, PICO formula to guide the review question, standardised extraction forms and supplementing the comprehensive electronic search with grey literature, so as to minimise location bias [69] . Furthermore, all the trials identified were retrieved despite some of them being unavailable from the primary database.
Implications for Future Research
The uncertainty and bias in the existing evidence base call for improvement in the execution and monitoring of dietary 
Conclusion
In conclusion, this systematic review has highlighted that intentional preoperative weight loss should be encouraged as it aids in ameliorating some risk factors that may potentially contribute to perioperative complications. Importantly, energy-restricted diets serve as a feasible and non-invasive method to achieve preoperative weight loss. The findings are also of clinical significance to medical teams overseeing surgical emergencies in obese individuals. It is difficult to make any definitive evidence-based conclusions based on the limited number of trials as well as missing information. However, based on the current evidence, it is hypothesised that a diet consisting of 700 to 1050 kcal (2929-4393 kJ) with moderate-carbohydrate, high-protein and low/ moderate-fat may induce 5%TWL over 3 weeks. Although a low-carbohydrate (< 20 g/day) diet may achieve this target within a shorter duration of less than 2 weeks, its safety for bariatric candidates remains ambiguous. Further research through welldesigned RCTs is needed to address these gaps in knowledge and to confirm the validity of the above conclusion.
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